Chlamydia trachomatis (CT), Neisseria gonorrhoeae (NG), and Trichomonas vaginalis (TV) are sexually transmitted infections (STIs) associated with adverse birth outcomes. Untreated partners contribute to high rates of STI reinfection; thus, partner notification and treatment remain important components of STI care and control. A prospective cohort study was conducted among 300 pregnant women presenting to the antenatal clinic at Princess Marina Hospital in Gaborone, Botswana who enrolled in an STI screening study. Following informed consent and sample collection for CT/NG/TV testing, participants were asked if they were willing to disclose their STI result and to deliver medications to their partner(s). Those who tested positive were asked at a follow-up appointment if they notified their partners. Among the 300 participants, 294 (98%) said they would be willing to tell their partner(s) about their test results if they tested positive, and 284 (95%) said they would be willing to give their partner(s) medication if the option was available. Of those who tested positive and returned for a test of cure, 27 of 32 (84%) reported that they told their partner about the results, and 20 of 32 (63%) reported that their partner received treatment. Almost all pregnant women reported willingness to tell their partner the STI test result and give their partner medications. At test of cure, most women reported informing their partner, although actual treatment receipt was lower. Our findings suggest that pregnant women are willing to utilize patient-based partner notification, but actual partner treatment might be lower than intended.
Introduction
The global prevalence of sexually transmitted infections (STIs) remains high with more than 75% of new STIs occurring in low-and middle-income countries (LMIC). 1 Chlamydia trachomatis (CT), Neisseria gonorrhoeae (NG), and Trichomonas vaginalis (TV) infections are major causes of morbidity among women and are associated with adverse birth and infant outcomes. TV has been associated with numerous adverse outcomes including low birth weight and increased preterm labor. [2] [3] [4] Additional studies have demonstrated an increased risk of preterm birth and spontaneous abortion among pregnant women infected with CT and NG. 5, 6 Untreated STIs can also be transmitted to the infant during birth, causing respiratory and eye infections. 7 Further, maternal STIs may increase the risk of mother-to-child transmission of HIV. 2, 3, 8 Untreated sex partners are a risk factor for reinfection among individuals with curable STIs, and partner notification and treatment are critical for interrupting the chain of transmission. 9 Most LMICs use a patientbased partner notification strategy where index patients are given a contact slip and told to inform their partners and refer them to treatment; however, several studies in LMICs suggest that only half of partners informed via patient referral received treatment. 10, 11 Although there is a need to improve rates of partner notification and treatment in LMICs, particularly in sub-Saharan Africa where the STI burden remains high, 12 most research on partner notification strategies has been conducted in high-income countries. [13] [14] [15] [16] In a Cochrane review of 26 randomized control trials comparing two or more partner notification strategies, only five were conducted in LMICs, 13 suggesting that more research is needed to evaluate the most effective partner notification strategies in resource-limited settings.
In order to better understand the preferences and experiences of pregnant women related to partner notification and treatment for STIs, our study assessed if pregnant women were willing to disclose STI results and to deliver medications to their partner(s) in Gaborone, Botswana. We also assessed the reported partner notification and treatment results at follow-up.
Methods
Our study took place in the antenatal clinic in Princess Marina Hospital in Gaborone, Botswana. Pregnant women who were 18 years old or older, <35 weeks gestation, and planning to return for follow-up care were eligible to participate. We offered eligible, consenting pregnant women CT, NG, and TV testing using a GeneXpert Õ system (Cepheid, Sunnyvale, CA). 17 No incentives were provided to participants. Prior to receipt of the test results, women were asked if they would be willing to tell their partner(s) about the test result if they have an STI and provide treatment if the option was available. Those who tested positive for an STI were treated immediately, advised to inform their partner(s) and given the option of (1) bringing their partner(s) to the antenatal clinic for treatment or (2) giving their partner(s) a contact slip with instructions to receive treatment at a clinic of their choosing, per hospital standard of care. Women were not able to bring their partner medications because this was not the hospital's standard of care. Participants were advised to abstain from sex for one week following treatment. If abstaining was not possible, they were advised to use condoms to avoid reinfection.
Participants were asked to return after four weeks for a test of cure using a GeneXpert Õ system (Cepheid, Sunnyvale, CA) and they were asked if (1) they told their partner(s) about the result and (2) the partner(s) was treated. Descriptive statistics and proportions were calculated using Stata 13 (StataCorp, College Station, TX).
The institutional review boards at the University of Botswana, the Botswana Ministry of Health, Health Research Development Committee, and Princess Marina Hospital approved the study protocol. The University of California, Los Angeles approved analyses using deidentified data.
Results
Between July 2015 and March 2016, 300 pregnant participants were enrolled in the STI screening study ( Figure 1 ). As shown in Table 1 , the median age of the study sample was 30 years and most were unmarried (76%). The median gestational age was 27 weeks and the HIV prevalence was 22%. Among the 300 participants, 294 (98%) said they would be willing to tell their partner(s) about their test results if they tested positive, and 284 (95%) said they would be willing to give their partner(s) medication if the option was available.
Forty-five pregnant women (15%) tested positive for any STI, including 22 (7%) for CT only, three (1%) for NG only, 17 (6%) for TV only, two (0.7%) were dually infected with CT and NG, and one (0.3%) was dually infected with CT and TV (Figure 2 ). Sixty-seven pregnant women were infected with HIV (22%). Among those infected with HIV, 18 (27%) were diagnosed with an STI. Among those diagnosed with an STI, 43 (96%) were treated, 32 (71%) returned for a test of cure, where 28 (88%) were cured and four (13%) retested positive, including three (9%) for CT and one for TV (3%). Two participants left prior to receiving results and then were either unavailable by phone or declined to return for treatment. There was no difference in age and HIV status among those who returned for test of cure and those who did not.
Among the 32 women who returned for a test of cure, 27 (84%) reported that they told their partner(s) about the results, and 20 (63%) reported that their partner(s) were treated. Of the 20 partners reported to be treated, seven (35%) returned to the study clinic for treatment. Further among the 27 women who notified their partner(s), three (11%) retested positive, while among the four whose partner(s) were not notified, one (20%) retested positive.
As shown in Table 2 , the median age of those who notified their partner(s) was 32 (n ¼ 27), while the median age of those who did not notify their partner(s) was 26 (n ¼ 5). Among pregnant women living with HIV, 12 (85%) notified their partner(s), which is similar to the notification rate among women uninfected with HIV (83%). Among unmarried women, 24 notified their partners (83%) and all three of the married women reported that they told their partner(s). In terms of STIs, 100% of those infected with TV notified their partner(s), while 75% and 71% of those infected with NG and CT, respectively, told their partners.
Discussion
Our study evaluated partner notification and treatment outcomes among pregnant women participating in an STI screening study in Gaborone, Botswana. We found that prior to screening, nearly all participants reported they would be willing to tell their partner about the STI results and provide medications. At follow-up, most reported that they informed their partner; however, only a little more than half reported that they knew their partner received treatment. Our findings suggest that pregnant women are willing to utilize patient-based partner notification, but actual partner treatment might be lower than intended.
Currently, there is no single optimal strategy identified for partner notification and treatment for STIs. 13 Options for partner notification include provider referral (i.e. health care professional is responsible for informing partner), patient-based partner referral (i.e. patient is responsible for the partner notification), conditional referral (i.e. patient is encouraged to notify the partner, with the understanding that the provider will contact the partner if he/she does not visit the health service by a certain date), and patient-delivered partner therapy (i.e. patient takes medication to the partner). A Cochrane Review of these four strategies found that patient-delivered partner therapy was associated with decreased reinfection rates and increased numbers of partners treated compared to patient-based partner referral. 13 In addition, a study of patient-delivered partner therapy for TV infection found that patient-delivered partner therapy was more cost-effective than standard partner referral. 13 Some important limitations of patient-delivered partner therapy include potential adverse drug reactions and missed opportunities for counseling and testing for other STIs, including HIV. 18 In a comparison study of patient-based partner referral and patient-delivered partner therapy in
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South Africa, most of the women who were diagnosed with an STI chose patient-delivered partner therapy and nearly all partners reportedly took medication. 19 The former findings are consistent with the highintended willingness of participants in our study to deliver medication to their partner(s). Our study had several limitations. First, the study took place at a single site and has a relatively small sample size. Thus, our results may not be representative of pregnant women from other antenatal clinics in Botswana. However, it is important to note that the median age, proportion married, and HIV prevalence are consistent with the 2007 Botswana Family Health Survey IV Report and other nationally representative surveys. 20, 21 In addition, we were only able to obtain follow-up information from those returning for test of cure. However, a comparison between those who did and did not follow-up demonstrated no statistically significant difference in terms of age and HIV status. Furthermore, information on partner notification and treatment was based on index case reports. Our results might be influenced by social desirability bias and participants may have overreported willingness to notify their partner and provide treatment in order to present themselves favorably to the research team.
Despite the previously mentioned limitations, this study is one of the few on partner notification in subSaharan Africa, where the STI burden is high. Given the adverse birth and infant outcomes associated with STIs among pregnant women, identifying and implementing appropriate partner notification strategies that ensure partners are successfully notified and treated is critical. Our results suggest that more can be done to increase the number of partners that are notified and treated through strategies such as patient-delivered partner therapy. Novel approaches to partner notification and treatment should be assessed as a means to prevent reinfection in those with STIs in LMICs like Botswana. Future qualitative studies, additional antenatal clinic sites, studies with larger sample sizes, and investigation of actual uptake and management of patient-delivered partner therapy are necessary. 
